The formants of the eleven monophthong vowels of Standard Southern British (SSB) pronunciation of English were measured for five male and five female BBC broadcasters whose speech was included in the MARSEC database. The measurements were made using linear-prediction-based formant tracks overlaid on digital spectrograms for an average of ten instances of each vowel for each speakers, These measurements were taken from connected speech, allowing comparison with previous formant values measured from citation words. I was found that the male vowels were significantly less peripheral in the measurements from connected speech than in measurements from citation words.
Introduction
Many of the standard formant values for English vowels have depended on citation words spoken specially for the purpose of obtaining the measurements. For example, Gimson and Ramsaran (1989:100) used measurements of vowels from a single speaker from an unpublished thesis by Wells; and Cruttenden (1994:96) quotes figures from Deterding (1990) which were based on citation words ([hVd] words such as "heed", "hid", "head" …) read by eight male and eight female speakers.
Modern advances in technology have made measurements of the vowels of continuous speech both easier and more reliable. Two advances in particular have made this possible: the availability of standard speech corpora; and the development of improved formant tracking software.
The measurements that are provided in this study are from the MARSEC database (Roach, Knowles, Varadi and Arnfield, 1993) , so they can easily be checked or developed further by other researchers. This database consists of broadcasts from the BBC, so the data represents a style of speech that may be familiar to many people throughout the world through listening to the BBC World Service. This style of speech might be regarded as a kind of reference speech, in the sense that it is used as a model for pronunciation in many parts of the world, though of course it may differ considerably from the sort of speech that would be uttered in ordinary conversation.
Data
The MARSEC database consists of a set of monologues, such as newsreading and commentary, broadcast by the BBC during the 1980"s. The corpus is available on a CD-ROM. In each directory on the disk, there are a set of files from a single recording. Although some of the directories may have contributions from a number of different speakers, as, for example, when a news broadcast includes a report from journalists on site, it is always possible to find a reasonable stretch of speech from the broadcaster whose voice is heard first in the first file in each directory.
The present study considers the vowels of ten speakers, five male and five female. They were taken from the directories indicated in Table 1 . The speaker from the start of directory ASIG are referred to as speaker A, from BSIG as speaker B, and so on.
All the speakers have what might be termed a Standard Southern British accent (similar to RP), though there is inevitably a little variation between them. This can affect voice quality, so that speaker E has a very breathy voice, and speaker F has frequent use of creaky phonation in the middle of some words; and it can also affect the quality of some vowels, so that speaker H has an old-fashioned less open // than others (close to []); and speaker K has some traces of a Northern accent with a few instances of a fronted vowel instead of // in "pass" and "chance" (these words were ignored in measuring the // vowel). However, the accentual differences between the different speakers is small, and we can assume that "the accent of all the speakers is RP or close to it" (Roach et al., 1993:48) .
Measurements
The formant measurements were made using the CSL software from Kay running on a 486 PC. Clear instances of each vowel were identified by listening, and then digital spectrograms were derived, with overlaid linear-prediction-based formant tracks, using a pre-emphasis coefficient of 0.9. The speech in the MARSEC database is digitized at 16 kHz, and after following the advice of Ladefoged (1996:212) to try out different analyses and "see which gives the most interpretable results", 16 th -order linear prediction was used for all the data. In fact, this was insufficient in some cases, and there was no clear first formant for some tokens of open vowels such as // and //. It is possible that, for these cases, a higher order linear prediction filter would be more appropriate, perhaps an 18 th order to follow the rule of thumb proposed by Ladefoged (1996:212) of one linear prediction coefficient for each kHz of the sample rate, plus an additional two; but it was decided to keep consistent settings for all the measurements. In cases where the first two formants of vowels could not be reliably measured, alternative tokens were selected.
Difficulties in clear identification of both the first and second formants of all vowels are well known. Ladefoged (1967) , using traditional analog spectrographic equipment, reported that separation of the first and second formant for back vowels was particularly difficult, even for the cardinal vowels of trained phoneticians. In contrast, for the computer-based measurements made in this study of the MARSEC data, the linear-prediction-based formant tracks generally achieved quite clear separation of the first two formants of back vowels; but, as mentioned above, it was more often the first formant of open vowels, such as // and //, that caused problems. Nevertheless, it was possible to find reasonably consistent first and second formants for at least some tokens of the eleven vowels of all ten speakers. Measurements of the first three formants were made for about ten tokens of each of the eleven monophthong vowels for each speaker. For most vowels of most speakers, there were many tokens that could be selected, and in such cases, vowels that occurred after the approximants //, // and // or before // were avoided, as these approximants would have severe coarticulatory effects on the locations of the first three formants. However, for some vowels, particularly // and //, it was not always possible to find enough tokens if these environments were avoided.
In no case were fewer than five tokens of a vowel measured, with the exception of // for two speakers: only two clear tokens of this vowel could be found for speaker A, and two for speaker E.
Results
The average values for F 1 and F 2 in Hz for the male and female speakers are shown in the Table 2 . The average values for the individual speakers are shown in the Appendix.
Plots of the average male and female values are shown in Figures 1 and 2 . The values have been converted to the auditory Bark scale, using the formula suggested by Zwicker and Terhardt (1980) , where F is the frequency in Hertz and Z the frequency in Bark: The main effect of representing the front/back dimension in terms of F 2 -F 1 would be to normalize for speaker differences, particularly male-female differences in formant frequencies. Some researchers, such as Traunmüller (1981) , suggest that, in addition to using F 2 -F 1 as a speaker-independent measure of vowel frontness, F 1 -F 0 can be used as a speaker-independent measure of vowel openness, as the fundamental frequency F 0 can serve to normalize the differences between male and female first formants. However, if F 1 -F 0 were really to provide a speaker-independent indication of vowel openness, then we would expect that, for the same vowel quality, a speaker should have a higher F 1 when speaking on a high pitch than when speaking on a low pitch; and the measurements of Ladefoged (1967) of phoneticians uttering the cardinal vowels on different pitches indicate that this kind of shift in F 1 does not occur. In fact, a speaker-independent measure of vowel quality is still elusive. Given that the best way to represent vowel quality is not certain, a simple plot of F 1 against F 2 is shown here. In considering Figures 1 and 2 , one must remember that there is not necessarily an absolute link between vowel openness and F 1 or between vowel frontness and F 2 . For example, Kent and Read (1992:93) stress that a single vowel quality can be associated with more than one formant pattern.
Comparison with Previous Data
We can now look at these measurements of the MARSEC vowels and compare them with previous measurements of citation forms, to try to determine the effect of taking vowels from connected speech. Table 3 allows a comparison of the average male vowels from MARSEC against the citation forms from Deterding (1990) , and Table 4 shows the same comparison for female vowels. Only the first two formants are shown, as measurements of the third formant are not available from the earlier data. Table 6 . Average female values of F 1 and F 2 in Bark and distances from the centroid for connected speech (from the MARSEC database) compared with citation forms (from Deterding (1990) One might expect the citation vowels to be more peripheral than the vowels from connected speech, partly because of the effects of coarticulation with neighbouring consonants, and particularly because one would expect fluent speakers to economize somewhat in their vocal effort in connected speech (Lindblom, 1983) . In order to estimate how peripheral the vowels are, we can calculate the distance in Bark (using a simple Euclidean distance) of each vowel (except the central vowel //) from the centroid of all vowels (which is calculated as the average value of F 1 and F 2 ). For this purpose, all the values of Tables 3 and 4 are repeated in Tables 5 and 6 , with the values converted to Bark.
The lowest right-hand figures give average distances from the centroid of 2.04 and 2.57 Bark for male connected and citation speech, and 2.81 and 2.90 Bark for female connected and citation speech. Though these figures suggest that the citation speech may be more peripheral, the difference is only statistically significant (using a correlated samples t-test) for the male speech (t=4.29, df=9, p<0.01) and not for the female speech (t=0.77, df=9, p>0.05).
In comparing the data for connected speech against citation words, one should be careful, as the data are for different speakers under different conditions. We have no way of knowing how the BBC speakers might have produced citation words.
Conclusion
Some new measurements of the vowels of Standard Southern British English pronunciation have been presented. As these vowels are taken from reasonably natural connected speech, they represent somewhat different data from the more common citation forms, so they may be a little less artificial than tokens derived from specially articulated citation speech. It is hoped that these measurements can serve as a reference for other researchers, and, since these data come from a standard database, it is also hoped that others will be able easily to monitor their accuracy, build upon them in further studies. The individual values are available at:
http://videoweb.nie.edu.sg/phonetic/data/jipa-vowels/index.htm
